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Abstract — Exhaustion of conventional sources of 
energy, environmental degradation caused by the burning 
of fossil fuels and the ongoing energy crisis has driven 
the need to explore alternative and sustainable sources of 
energy. Solar energy is such an enormous potential in this 
regard, that its one minute radiation surpasses the 
amount of energy the world has used since the time 
began. As a developing country, Bangladesh is 
encountering a great difficulty in supplying sufficient 
energy to maintain its economic growth. The current 
demand for energy exceeds the available resources and 
this gap is projected to increase further in a significant 
proportion in the near future. This paper presents a 
comprehensive study of the contemporary energy 
scenario and its foreseeable growth in the country. It 
reflects on the energy resources and the problems caused 
by the various forms of energy. It analyzes the prospect of 
solar energy, its advantages over other sources, the 
current scenario of it and its growth trend in Bangladesh. 

Keywords: Photovoltaic (PV) systems , Solar home 
systems .Crystalline silicon solar cell, Thin film 
photovoltaic. 

I. Introduction 

Energy is one of the most important ingredients 
required to alleviate poverty and realize socio-economic 
and human development. It is directly interconnected to 
the prominence of life. Bangladesh has 144 million 
people on 144,000 sq. km area [1]. The high growth of 
her population has made it extremely difficult to cope up 
with its growing energy demand. Bangladesh is 
experiencing a severe electric power capacity crisis that 
is only likely to be worsening over the next 15 years. At 
present, the electricity supply deficiency is about 2500 
MW/day [2]. To alleviate poverty with its limited 
resources and high population density, Bangladesh 
requires an economic growth rate of more than 7%. In 
order to achieve this growth rate electricity growth need 
to be achieved by 10% [3]. To prevail over this situation, 
expanded searches of energy sources are needed. 
Inadequate oil and gas reserve of the country has 



excelled the necessity of examining the prospect of solar 
energy as an alternative energy source in Bangladesh. 

In this paper, investigation has been done on the 
potentials of solar energy as an effective sustainable 
source and its impact on tackling the power crisis of 
Bangladesh. Section 2 deals with the complete energy 
scenario in Bangladesh, section 3 explains the necessity 
of exploration of solar energy as a potential sources 
other than terrifically polluting present energy sources, 
section 4 describes current attempt & program that has 
already been taken in Bangladesh to use solar energy, 
section 5 demonstrates the future plans to meet the 
screaming demand of energy, section 6 describes the 
potentiality of more efficient solar cell as a remedy of 
energy crisis. Section 7 draws the conclusion. 

II. Present Energy Resources Of Bangladesh 

Energy infrastructure of Bangladesh is reasonably 
small, insufficient and also unreliably managed. Primary 
commercial energy resources of Bangladesh include 
natural gas, oil, condensates from gas, coal, peat, bio- 
mass & renewable energy. The energy situation in 
Bangladesh is characterized by low consumption of 
energy as compared to other Asian countries. The per 
capita energy consumption was 201.31 kgoe in 2009 
according to a world bank report , published in 2010. 
Annual Per capita electricity consumption was 251 .63 
KWh in 2009, according to a world bank report, 
published in 2010. The main source of energy is Natural 
gas and it accounts for 13.2% of the total energy 
consumption. Bangladesh currently has got an 
estimated proved natural gas reserves of around 310 
billion cubic meters in approximately 20 fields (mainly 
onshore).The current average daily gas production is 
about 1970 MMCF against actual demand of 2200 
MMCF resulting deficit of around 230 MMCF per day. 
About 3.3 billion tons of coal reserves comprising 5 
deposits at depths of 118-1158 meters have been 
discovered so far. Out of which 4 deposits (118-509 
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meters) are extractable at present while one deposit 
may not be viable for extraction by present clay's 
technology due to greater depth (640-1158 meters). 
Only one deposit (Barapukuria) has been developed and 
coal is being extracted mainly for one thermal power 
plant [3]. 



TABLE I 

Present Scenario of Coal and Gas: 



Serial 
no 



Status(2009) 



1 


Current 
average daily 
gas production 


1970 MMCF 


2 


Current daily 
actual gas 
demand 


2200 MMCF 


3 


Estimated coal 
reserve 


3.3 billion tons 


4 


Present annual 
coal extraction 


858000 tons 



TABLE II 

presents a comparison of electricity and primary energy sources 
[4] 



HDI Electrifi ^°P"h^*7 

country Rankin cation ^lectridtyCMi 
9 ""^'^ llions) 



Norway 


2 


100 


- 


Japan 


8 


100 


- 


USA 


12 


100 




Germany 


22 


100 




S.Korea 


26 


100 




India 


128 


56 


487.2 


Pakistan 


136 


54 


71.1 


Banglad 
esh 


140 


32 


96.2 


Sudan 


147 


30 


25.4 


Nigeria 


158 


46 


71.1 


Benin 


163 


22 


6.5 



presents the effect of electrification on fiuman life[4] 

From the above tables it is evident that, energy 
consumption is closely related to life standard. 

Based on the information obtained, a comparative 
scenario of the five aforementioned renewable energy 
sectors of Bangladesh is illustrated in Fig. 1 in terms of 
the installed capacity [5]. 



Fossil Fuels 


RenewabI 
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Country 
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Hydro, sol 
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Electricity 
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Norway 
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44.1 
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3.5 
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7 


23.9 
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1.7 


29.4 


618 


Pakistan 


5.3 


21.9 


33 


3.5 


35.5 


564 


Banglades 
h 


1.4 


19.1 


44.7 


0.5 


34.3 


154 


Sudan 


0 


23.2 


0 


0.9 


75.8 


116 


Nigeria 


0 


13.9 


7.5 


0.7 


64.8 


157 


Benin 


0 


33.3 


0 


0 


64.7 


81 
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14.1831, 

38% 



I Solar 
I Biogas 
I Biomass 
I wind 

I MIcrohydro 



TABLE III 



20.75,5 

6% 

Fig. 3. Contribution of Different Implemented Renewable 
Energy Technologies in Bangladesh [in terms of installed 
capacity in MWp, up to July, 2009 

Unfortunately, it has been found that out of the total 
42,211 biogas plants installed till July 2009, about 47 
percent has been functioning well, while another 32 
percent are partially functioning because of lack of 
proper maintenance and knowledge on appropriate use 
of bio-slurry and noncompliance with the suitable quality 
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standards [6]. Based on the estimation that the average 
installed capacity per SHS is 53Wp, the total solar 
energy related wattage is 20.75MWp.From the figure, it 
is obvious that solar and biogas energy sectors are the 
most dominant sources of renewable energy in 
Bangladesh, the total solar energy related wattage is 
20.75MWp.but it is not sufficient enough to meet our 
energy demand as far. 

III. Solar Energy As A Potential Source 

Biomass has been the mostly used form of energy in 
Bangladesh. It terrifically pollutes the environment and 
creates serious health hazards. Again, due to lighting 
problem the education of the children has been 
hampered badly. Development activities stop after dusk. 
The rural children spend most of their time in collecting 
dried leaves, crops and other woody biomass instead of 
going to school. Even their parents allow them to do so 
because they do not have other chap resources for 
cooking. Rural people use mud made stoves for cooking 
which are very inefficient and produce a lot of wastages. 
These stoves also create huge smoke and several of 
kinds of health hazards. A huge number of people do 
not have the access to the grid electricity and to the up 
to date cooking technologies. Country can currently 
generate about 4500 megawatts (MW), while peak 
demand can be as high as 6000 MW[7]. Following table 
presents the Bangladesh power development board 
estimation up to 2020. 

TABLE IV 

Future demand estimated by Bangladesh power development board[8] 







Net 
Generation 
Capacity/ 
MW 




Year 


Net Peak 
demand/ 
MW 


Net 

Generati 
on/ GWh 


2010 


6008 


7986 


33828 


2011 


7148 


8586 


36622 


2012 


7732 


9449 


39647 


2013 


8364 


9979 


42922 


2014 


9047 


10879 


46467 


2015 


9785 


11579 


50306 


2016 


10512 


12479 


54079 


2017 


11291 


13229 


58135 


2018 


12128 


14229 


62496 


2019 


13027 


15243 


67183 


2020 


13993 


16443 


72222 



than we currently need for our global consumption [9]. 
Even if we could use only a small fraction of the solar 
energy, we could reduce our dependence on fossil fuels. 
In time we might even eliminate them altogether. We 
could clean the environment and improve the living 
conditions on our planet. Solar Energy is inexhaustible 
and pollution free. It is available everywhere; but the 
greatest amount is available between two broad bands 
encircling the earth between 15" and 35" latitude north 
and south. Fortunately, Bangladesh is situated between 
20"40' north and 26"38' north latitude and 88"04' and 
92"44'east latitude which is an ideal location for solar 
energy utilization [10]. Maximum amount of radiation is 
available on the month of March and April and minimum 
on December and January [11]. For this reason solar 
energy is very effective in our country. Every hour, 
enough sunlight energy reaches the Earth to meet the 
world's energy demand for a whole year. The amount of 
energy from the Sun that reaches the Earth annually is 4 
X 1018 Joules. 

4 X 1018 Joules/ Year - 365 Days/ Year = 1 x 1016 
Joules/Day 

1 X 1016 Joules/ Day - 24 Hours/ Day = 4 x 1014 
Joules/Hour 

The amount of energy consumed annually by the world's 
population is about 3 x 1014 Joules[12]. 

TABLE V 

Average monthly insolation at different cities in Bangladesh 
(kWhr/m'/day)[1 3] 



Month 


Dhaka 


Rajsh 
ahi 


Sylhet 


Bogr 
a 


Barisal 


Jessore 


January 


4.03 


3.96 


4.00 


4.01 


4.17 


4.25 


February 


4.78 


4.47 


4.63 


4.69 


4.81 


4.85 


March 


5.33 


5.88 


5.20 


5.68 


5.30 


4.50 


April 


5.71 


6.24 


5.24 


5.87 


5.94 


6.23 


May 


5.71 


6.17 


5.37 


6.02 


5.75 


6.09 


June 


4.8 


5.25 


4.53 


5.26 


4.39 


5.12 


July 


4.41 


4.79 


4.14 


4.34 


4.20 


4.81 


August 


4.82 


5.16 


4.56 


4.84 


4.42 


4.93 


September 


4.41 


4.96 


4.07 


4.67 


4.48 


4.57 


October 


4.61 


4.88 


4.61 


4.65 


4.71 


4.68 


November 


4.27 


4.42 


4.32 


4.35 


4.35 


4.24 


December 


3.92 


3.82 


3.85 


3.87 


3.95 


3.97 


Average 


4.73 


5.00 


4.54 


4.85 


4.71 


4.85 



Until a suitable alternative is found there is no other 
way than using these existing inefficient sources of 
energy. One of the alternative sources of energy can be 
the nuclear fusion reactions in the Sun. The Sun delivers 
about 7000 times more energy to the Earth's surface 



Annual amount of radiation varies from 1840 to 1575 
kwh/m2 which is 50-100% higher than in Europe. Taking 
an average solar radiation of 1900 kwh per square 
meter, total annual solar radiation in Bangladesh is 
equivalent to 1010 X 1018 J. present total yearly 
consumption of energy is about 700 X 1018 J. this 
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shows even if 0.07% of the incident radiation can be 
utilized, total requirement of energy in the country can 
be met. At present energy utilization in Bangladesh is 
about 0.15 watt/sq. meter land area, whereas the 
availability is above 208 watt/sq. meter. This shows the 
enormity of the potentiality of this source in this country 
(Eusuf, 1997) [14]. 

IV. Attempt & Program 

Solar photovoltaic (PV) systems are in use 
throughout the country, with over 200,000 household- 
level installations, a total capacity of about 12 MW, as of 
June 2008. solar PV, is being employed through the 
Rural Electrification Board (REB), the Local Government 
Engineering Department (LGED), the Bangladesh 
Power Development Board (BPDB), and other agencies. 
The Research Centre of the University of Dhaka has 
installed a 1.1 kW grid connected PV system([15],[16]). 
Electrification and Renewable Energy Development 
Project (REREDP) aims to provide rural and remote 
households with solar energy systems. It is the largest 
scale, and actually the most successful solar energy 
project being developed in Bangladesh thus far. 
REREDP is jointly financed by the World Bank, Global 
Environment Facility (GEF), KfW, GTZ over 2002 to 
2009, and promotes solar home systems (SHSs) 
primarily in remote rural areas. More than 120,000 rural 
households have been electrified thus far[1 7]. 
IDCOL a public investment company promotes SHSs 
under REREDP through 15 MFIs6, including Grameen 
Shakti, BRAC Foundation and TMSS. IDCOL provides 
refinancing facility to the MFIs and channel grants to 
reduce the SHSs costs as well as support the 
institutional development of the MFIs. IDCOL provides 
grants and refinance, sets technical specification for 
solar equipment, develops publicity materials, provides 
training, and monitors Partners Organizations' 
performance such as Grameen Shakti[17]. 

REREDP was successful beyond expectation; the 
initial target was to finance 50,000 SHSs over a period 
of five-and-half years (January 2003 - June 2008). This 
target was already achieved in September 2005, almost 
3 years ahead of schedule and at US $2.0 million below 
the initially estimated project cost. Therefore, the target 
was revised to finance a total of 200,000 SHSs by the 
year 2009 with additional support from the World Bank, 
GTZ and KFW[17]. 

Grameen Shakti (shakti meaning "energy" in Bengali) 
was created in 1996 as a not-for-profit company under 
the Grameen Bank. The goal of Grameen Shakti is to 
promote and supply renewable energy technology at an 
affordable rate to rural households of Bangladesh. Solar 
home system (SHS) is introduced by Grameen Shakti 
under IDCOL. 



Solar home systems are replacing kerosene lamps, 
avoiding the fumes and fire-risk. Using the carbon 
emission factor for kerosene (2.45 kg C02/liter), the 
avoided C02 emissions for the most commonly 
purchased solar home system (40-50 Wp) is about 76 
kg C02 per year in the context of rural Bangladesh. 
Owners of a solar home system also save about Tk 400 
to Tk 500 (USD 6.00 to 7.50) per month[18] . 

Figure 2 indicates that the installations are very much 
distributed throughout the country as far as the six 
divisions are concerned. 




I Dhaka 
I Chittag.3ng 
I Khulna 
I Bar sal 
I Rajshahi 
I Sylhet 



Fig. 2. Distribution of tine SHSs in six divisions[5] 
.0.85, 1% 



1.12, 1% 



0.2,0% 
0.02,0% 




I IDCOL 

I Grameen sakti 
I REB 
I BPDB 
I LGED 
I BCSIR 



Fig. 3. Relative contribution to the solar energy sector by different 
organizations in terms of installed capacity [up to July 2009. having a 
total installed capacity of 20.75MWp.[5] 

In the country a 10 kWp Solar Wind hybrid at St. 
Martin's Island is a landmark. The initiative is providing 
power to a complex of the Forest Department on the 
island. A total of 4 solar submersible pumping systems 
(4 X 1800Wp) are underway at Barendra area in 
Rajshahi complementing another SEMP project of the 
Barind Multipurpose Development Authority (BMDA)[1 7]. 

RahimaFrooz on behalf of Bangladesh Power 
Development Board (BPDB) installed a communal PV 
plant for a local market for which it provides lighting 
loads and operates small industries like rice husking 
mills and saw mills. The 10 KWp system supplies 135 
shops, and a board is put in charge of collecting the bills 
from the beneficiaries[1 7]. RahimaFrooz pointed out the 
system works pretty well. The additional advantage of 
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those systems could be their direct linl< with income 
generation as compared to SHS at household level. 

A 100-kilo watt (KW) plant has kicked in Sandwip 
recently. The plant-known is biggest of its kind- will 
provide electricity to 400 households which never 
enjoyed electricity from the national grid due to 
geographic barriers [19]. 

V. Future Program 

Though the use of solar energy in Bangladesh is 
increasing, it is not sufficient to meet energy crisis & to 
keep pace of life with present technological 
development. For this reason it is needed to accomplish 
sufficient project to give the people a better competitive 
modern life. 

To achieve the projected global energy consumption 
in 2100 Bangladesh need to add some beneficial 
project plan parallel to the present running program. 
The home ministry officials said the Border Guard of 
Bangladesh (BGB) would install 350 solar systems in 
the first phase in the remote border areas at a cost of Tk 
300 million where power supply from the national grid is 
unavailable. The officials said each of the solar systems 
would have a capacity of 180 kilowatt hours (kwh) of 
generation. A planning ministry official said the BGB has 
sent a proposal on the solar system installation project. 
Bangladesh has still limited power coverage as it has so 
far been able to supply electricity to 52 per cent of the 
population due to shortage of adequate generation 
against the growing demand. Border areas of 
Bangladesh neighbouring India with a total length of 
4,095 km & 270-km-long land border with Myanmar will 
get this facilities by this project [20]. Electricity 
generation in the country would be 7000 MW by the year 
2013, 8000 MW by 2015 and 20,000 MW by the year 
2021 [20]. Meanwhile, the government has declared its 
vision for power sector to make the country free from 
load shedding beyond 2010 and to make electricity 
available for all by the year 2020. In order to fulfil the 
vision, additional 9000 MW electricity will be required to 
be produced within next 5 years under short, medium 
and long term out of which 5400 MW would be produced 
under private sector. Adequate transmission and 
distribution facilities would also be developed to get 
access to this electricity. Estimated total investment of 
9.5 billion US $ would be required all together for 
generation, transmission and distribution of power[20]. 

The government has set a target of generating 500 
megawatts (MW) of green energy - almost ten times the 
current amount - by 2015, in an attempt to narrow the 
gap between current supplies of grid electricity and the 
needs of the country's 160 million people. Only 49 
percent of Bangladesh's population has access to 
electricity from the national grid. Fossil fuels account for 



almost all the current capacity of 5,500 MW, with 
renewable sources - mostly solar power - contributing 
just 55 MW. Burning fossil fuel emits greenhouse gases 
into the air, contributing to the warming of the globe. 
(And) fossil fuels are depleting very quickly which is a 
threat to future power generation[21]. 
The government says there are environmental and 
developmental imperatives behind its search for 
alternative energy sources. But we have to face different 
problem with other alternative sources, so more efficient 
solar energy sources will help us to overcome these 
crisis & as well as we will be able to avoid environmental 
calamity. 



VI. Comparative Analysis Of Different Solar Cell 

The bulk of the commercial market consists of bulk 
silicon solar cells. Crystalline silicon is a dominant 
material for solar cell production over 20 years. Single p- 
n junction crystalline silicon cells are now approaching 
the theoretical limiting power efficiency of 33.7%[22]. 
The industrial solar cells are in the range from 13% to 
15% for monocrystalline and 12% to 13% for 
multicrystalline wafers[23]. Amorphous Silicon (a-Si:H) 
based optimized solar cell can provide efficiency about 
1 6%[24]. Many of the processes used for the fabrication 
of high-efficiency laboratory cells are too complex and 
costly to be involved in mass production. Due to the 
economical factor the industrial technology must be 
simple, capable of high throughput and must be 
characterized by high yields. Crystalline silicon based 
solar cells! are very common in Bangladesh, Whose 
efficiency is lower than that of amorphous silicon based 
solar cells. So, it is beneficial for Bangladesh to use 
amorphous silicon based solar cell to extract more solar 
energy to meet its energy crisis. 

VII. Amorphous Silicon Based Thin Film Solar Cell 

Depending on construction, the photovoltaic can 
cover a range of frequencies of light and can produce 
electricity from them, but sometimes cannot cover the 
entire solar spectrum (specifically, ultraviolet, infrared 
and low or diffused light). Hence much of incident 
sunlight energy is wasted when used for solar panels, 
although they can give far higher efficiencies if 
illuminated with monochromatic light. So it is needed to 
choose a solar panel which can convert maximum solar 
photon energy to electrical energy. In a-Si:H, the 
diffusion length of the charge carriers is much shorter 
than in single crystal silicon. The design concept of this 
a-Si:H is to split the light into different wavelength 
ranges and direct the beams onto different cells tuned to 
the appropriate wavelength ranges. Panels with 
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conversion rate of around 18% are in development 
incorporating innovations such as power generation on 
the front and bacl< sides. Amorplnous Silicon (a-Si:H) 
Based Optimized Solar cell can provide efficiency about 
16% [24]. Simulation software AMPS -ID Device has 
been used to find the short circuit current and open 
circuit voltage for single junction p-i-n thin film solar cell. 
Also current density and electric field pattern has been 
analysed under different conditions. Which suggest 
choosing thin film solar panel instead of crystalline 
based solar panel for better means of use of solar 
energy. In a practical application amorphous silicon 
based thin film solar panel has been used to convert 
more solar energy to usable electrical energy in a solar 
powered vehicle which gave higher efficient solar energy 
conversion[25]. 



VIII. Conclusion 



BP predicted that the solar industry in Asia may 
achieve 50% annual growth in 2016, up from 30% in 
2006. Photon Magazine, citing Credit Lyonnais Securities 
Asia, projects that Asian solar panel sales may rise to 
$36.1 billion in 2010. Backing up these predictions, the 
Chinese government has announced that they want their 
solar consumption to go from 20 megawatts per year to 
1000 megawatts per year in 2020. Solar power is 
predicted to become 10% of total worldwide energy in 
2030, according to a Time article. Solar is not just 
growing, it is becoming more competitive in terms of 
price also .As a populous country with small energy 
resources, our concern should be even more greater. 
Since, the prospects of solar energy in Bangladesh 
looks promising we should engage more international 
and national resources to harness energy from this 
renewable energy source. 
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